3. Results and Discussion Figure I shows the infrared absorption spectrum of Alzos after water absorption. The absorption peak from 3200 to 3700 cm-ris assigned to the stretching mode of the hydroxyl groups. Furthermore, SIMS depth profiles show "O is located in about 5nm depth from the surface (Fig. 2) . Figure 3 shows the TDS spectra after water absorption. Two main desorption peaks for H2O(rtO; are observed. The peak at 280 C is considered to be derived from the physically absorbed H2O(I8O) from the moisture, because the peaks due to the other gases are not simultaneously found. The peak at 375T can be reasonably assigned to hydrated (or chemisorbed) H2O(I8O) because aluminum hydroxides start to dehydrate around 300 C t2lt3].
l. Introduction
Al2O3 is one of promising candidates for the high-k gate insulators in sub-100nm MOSFETs. It has some advantages such as a high barrier height and a good thermal stability with respect to Si. However, the water absorption is a big concern because aluminum hydroxides are reported to be more stable than its oxide in high humidity Il]. In this paper, we have investigated the water absorption into Al2O3 and its influence on the electrical properties.
Experimental
l40nm-Al2O3 films were deposited by an atomic layer deposition (ALD) method on HF-last p-type silicon substrates, and they were annealed at 800 C in N2.
AI(CH3)3 and H2O(tuO; were used as the ALD sources.
Water including 95oA tg} isotope (H2O(I8O)) was used in the experiment in order to distinguish the water used in the ALD process from that absorbed from moisture. The water absorption experiment was done in a saturated H2O(r8O) 3. Results and Discussion Figure I shows the infrared absorption spectrum of Alzos after water absorption. The absorption peak from 3200 to 3700 cm-ris assigned to the stretching mode of the hydroxyl groups. Furthermore, SIMS depth profiles show "O is located in about 5nm depth from the surface (Fig. 2) . Figure 3 shows the TDS spectra after water absorption. Two main desorption peaks for H2O(rtO; are observed. The peak at 280 C is considered to be derived from the physically absorbed H2O(I8O) from the moisture, because the peaks due to the other gases are not simultaneously found. The peak at 375T can be reasonably assigned to hydrated (or chemisorbed) H2O(I8O) because aluminum hydroxides start to dehydrate around 300 C t2lt3].
Therefore, it can be concluded that the water absorption substantially induces the hydration reactions in AlrOr.
The hysteresis width of C-V characteristics increases after water absorption (Fig. 4) . This hysteresis indicates the existence of the positive mobile charges rather than the carrier injection [a] . On the other hand, by the dehydration annealing above 300C, the hysteresis width significantly decreases as shown in Fig. 5 . Namely the apparent positive mobile charge densities decrease with dehydration temperature (Fig. 6 ). Note that this temperature range is consistent with the hydrated H2O(|8O) desorption range as shown in Fig. 3 . Therefore, it is considered that the positive mobile charges are protons or oxonium ions (HrO*) released from the acidic hydroxyl groups (AI-OH). However, I-V characteristics cannot be recovered to the initial level by the dehydration process as shown in Fig. 7 . This is explained in terms that the vacancies of protons or hydroxyl groups are formed by desorption of hydrated HzO (Fig. 8 ). Figure 9 shows the equilibrium H2O pressure (PH2O) for the reaction of AlrOr+H2O [2] R. L. Frost et. al., Appl. Spectrosc. 53,572 (1999 
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Depth from the surface (nm) Fig.2 SIMS depth profile of Al2O3 after water absorption. l8O in the absorbed water is located in about 5nm depth. In the depth deeper than 5nm, we cannot distinguish ltO in the absorbed water from that naturally exists in water of the ALD source. 
